
433

Answers to Odd-Numbered
Problems
CHAPTER 1

1.1. (a) 2 m; (b) 0.8 m northward and 0.4 m eastward; (c) 0.8944 m
1.5. 21
1.7.

1.9.
1.11.
1.13.
1.15.
1.17.
1.19. Traveling wave progressing in the negative z-direction
1.21. (a) Linear; (b) circular; (c) elliptical
1.23. Elliptical polarization
1.25.
1.27.

1.29.

1.31.

1.33.

1.35. (a)
(b)

1.37.

1.39. (a) (b)
1.41.
1.43. - v0B0114ay + 7az20.179m0Iaz

- 110- 4m0>4p 2az15 * 10- 5m0>p 2az;

dF1 = 0; dF2 =
m0

4p
I1I2 dx dy ax

0.4485 * 10- 8 sin 2p * 107t A
0.4485 * 10- 6 sin 2p * 107t ax A/m2

4 * 10- 7

pP0
a
50

i = 1
a
50

j = 1
310 - 412i - 122 + 10- 412j - 122 + 14- 3>2

 az

10- 7

pP0
a
50

i = 1
12i - 12310- 412i - 122 + 14- 3>2ay

0.0555Q
P0

 1ax + ay + az2 N/C

28pP0l
2mg

5 cos 1vt + 6.87°2
v1 - yax + xay2x + y + z = constant
14ax - ay2>217
14ax + 4ay + az2 dz
14ax - 5ay + 3az2>522; 622

2ax + 2ay + az
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434 Answers to Odd-Numbered Problems

CHAPTER 2

2.1. 0.855
2.3. 1
2.7.

2.9. ; 0.20825, 0.21009, 0.21070, 0.21071

2.11.
2.13. 30 A

2.15.

2.17.

2.19.
2.21. 0
2.23. (a) 0; (b)

2.25. for and for , where r is the radial distance from the axis;

direction circular to the axis of the wire
2.27. (a) ; (b)
2.29. 0.31606 C
2.31. where r is the radial distance from

the center of the charge, and direction radially away from the center of the
charge

2.33.
2.35.

CHAPTER 3

3.1.

3.3. (a) (b) 0

3.5.

3.7.

3.9.

3.11.
3.13. Curl will have a component in the y-direction in addition to the -component
3.15. Curl has only a -componentz

x
J01a + z2ay for - a 6 z 6 0, J01a - z2ay for 0 6 z 6 a, 0 otherwise

B = 10- 7

3
 cos 16p * 108t - 2p z2 ay

E = 10 cos 16p * 108t - 2p z2 ax

E = - v2m0P0E0 
z4

12
 sin vt ax

B = - vm0P0E0 
z3

3
 cos vt ay

1
3

* 10- 7 cos 16p * 108t - 2p z2 ay Wb/m2

zax + xay + yaz;

vB0 
z2

2
 sin vt ax

p 2>2- 1 A

r0 r>3P0 for r 6 a and r0 a
3>3P0r

2 for r 7 a,

I>4I>4
r 7 a

J0a
2

2r
r 6 a

J0 r
2

I1 - I2

2B0 v sin vt

B0 bv ln 
x0 + a

x0
 sin vt - B0 bv0 a 1

x0 + a
- 1

x0
b  cos vt

- B0 bv0 a 1
x0 + a

- 1
x0
b

16p

14n2 - 1211 - e- 12
12n311 - e- 1>n2  e- 1>2n

1>6
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Answers to Odd-Numbered Problems 435

3.17.

3.19. (a) (b) 0
3.21. (a) (b) (c) 0, 1; (d) 0, 0

3.23.

3.25. (a) and (c)
3.27.
3.29.
3.31. 0

CHAPTER 4

4.1. (a) 0.2 A; (b) 0; (c) 0.2 A
4.3. (a) (b) ; (c)
4.5. (a) (b)

4.7.

4.9.

4.15. corresponds to a wave; corresponds to a
wave

4.17.

For Problem 4.13, for and

4.19.

4.21. Spacing amplitudes phase difference

4.23. (a) right circular; (b) left circular

4.25.

4.27.

+  sin a 2p * 108t - 2p
3

 z + 0.2048p b  ay d
1.25 E0 ccos a 2p * 108t - 2p

3
 z + 0.2048p b  ax

+  
E0

2
 3cos 1vt + bz2 ax + sin 1vt + bz2 ay4

E0

2
 3cos 1vt + bz2 ax - sin 1vt + bz2 ay4

= p >2= JS0, 
1
3

 JS0;= l>4;

H = ;
Ex

h0
 ay for z ! 0

for z ! 0
 cos 112p * 108t < 4p z24axE = 30.1h0 cos 16p * 108t < 2p z2 + 0.05h0

Hy = ;
Ex

h0
 for z ! 0

z ! 0Ex =
h0JS0

2
 1t < z2m0P022C =

h0JS0

2

1 - 2 1t + z2m0P0221+21t - z2m0P022- 1r0a>P02ax for x 6 - a, 1r0x>P02ax for - a 6 x 6 a, 1r0a>P02ax for x 7 a

0 6 z 6 a, - J0 
a
2

 ay for z 7 a

J0
a
2

 ay for z 6 - a, - J0 a z + z2

2a
b  ay for - a 6 z 6 0, - J0 a z - z2

2a
b  ay for

;0.0135 cos vt ay for z = 0;;0.0368 cos vt ay for z = 0;;
0.2828 sin 1vt + 45°2 A0.2 sin vt A0.2 cos vt A;

AS A # dS = 2p , § # A = 3
§ # r = 3

r0

2aP0
1x2 - a22 ax for - a 6 x 6 a, 0 otherwise

- az, 0;- xaz, y;
31x2 + y2 + z22;AC A # dl = 0 for any C
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436 Answers to Odd-Numbered Problems

4.29. (a) Same as in Figure 4.17, except displaced to the left by 1!3 s;

(b) 75.4 V"m for and for 

(c) and 

A/m for 

4.31. 30 mV/m

CHAPTER 5

5.1. (a)
(b)
(c)

5.3.
5.5. (a) (b)

(c)
5.7. (a) ; (b) ;

(c)

5.9.

5.11.

5.13.

5.15. 0.00083 Np/m, 1321.05 m,

5.17.

5.19. 16.09 m, 1.917:1, 90° out of phase
5.21. (a) 30 MHz; (b) 5 m; (c) (d)

(e)

5.23. (a) Same as in Figure 4.17;
(b) 75.4 V/m for and for

(c) for and 
for for 

5.25. (a) 0.0211 Np/m, 18.73 rad/m, 0.3354 m,
(b)

5.27.
5.29.
5.31. Yes

2P0

E0(4ax + 2ay - 6az), H0(4ax - 3ay)
2p * 10 - 3 Np/m, 2p * 10 - 3 rad/m, 107 m/s, 1000 m, 2p (1 + j) Æ

42.15 Æ;0.3354 * 108 m/s,
n = 1, 2, 3, Á100(n - 2>3) 6 |z| 6 100n,

- 0.3z>|z| A/m100(n - 1) 6 |z| 6 100(n - 2>3)0.6z>|z| A/m
100(n - 1) 6 |z| 6 100(n - 1>3), n = 1, 2, 3, Á ;

- 37.7 V/m100(n - 1>3) 6 |z| 6 100n

1
6p

 cos(6p * 107t - 0.4p z) ay A/m

4P0;1.5 * 108 m/s;

H = ;0.05e<0.0404z cos (2p * 106t < 0.0976z) ay for z ! 0

E = 3.736e<0.0404z cos a 2p * 106t < 0.0976z + p
8
b  ax for z ! 0

(161.102 + j28.115) Æ
1.32105 * 108 m/s,4.7562 * 10 - 3 rad/m,

02Hy
–

0z2 = g– 2H
–

y

0.5 * 10 - 6 sin 2p z A
ƒe ƒ2B0a

2>2m, 0.7035 * 10 - 18 A-m2

0.5E0(3ax - ay - az)
8P0E0(ax + ay + az)P0E0(4ax + 2ay + 2az)

- 4.444 * 10- 5 sin 2p * 109t A
- 2.778 * 10- 6 sin 2p * 109t A;- 8.667 * 10- 7 sin 2p * 109t A;

1.5245 * 10- 19 s
250 V/m, 2.5 V, 25 Æ
0.2857 * 10- 4 V/m, 0.2857 * 10- 6 V, 0.2857 * 10- 5 Æ;
0.1724 * 10- 4 V/m, 0.1724 * 10- 6 V, 0.1724 * 10- 5 Æ;

3001n - 2>32 6 ƒ z ƒ 6 300n, n = 1, 2, 3, . . .- 0.1z> ƒ z ƒ
0.2z> ƒ z ƒ  A/m for 3001n - 12 6 ƒ z ƒ 6 3001n - 2>323001n - 12 6 ƒ z ƒ 6 3001n - 1>32, n = 1, 2, 3, . . . ; 

- 37.7 V/m3001n - 1>32 6 ƒ z ƒ 6 300n

m

Z05_RAO3333_1_SE_ANS.QXD  4/9/08  12:20 PM  Page 436



Answers to Odd-Numbered Problems 437

5.33.

5.35. (b)

(c)

5.37. (a) 4; (b) 16; (c)

5.39.

CHAPTER 6

6.1. (a) (b) 

6.3.

6.5. 2.121
6.7.

6.9.

6.11. (a) ; (b)

6.13.

6.15. (a)

(b) (c)

6.17.

6.19. equivalent circuit is a series combination of

C = Pw l
d

 and 
1
3

 L, where L =
mdl
w

Y
–

in = jv 
Pw l
d
a 1 +

v2mPl2

3
b ;

m1m2

m1 + m2
a 2dl

w
b

P1P2w l
P1(d - t) + P2t

P1(d - t)
P1(d - t) + P2t

 V0;

P1(d - x)
P1(d - t) + P2t

 V0 for t 6 x 6 d

P1(d - t) + P2(t - x)
P1(d - t) + P2t

 V0 for 0 6 x 6 t,

V = - kx3

6P + kd2x
8P  for - d

2
6 x 6 d

2

[rs]x = 0 = 0, [rs]x = d =
4P0V0

3d
-

4P0V0

9d2 a x
d
b - 2>3E = 10 - 5

pP0
 a

50

i = 1
[10 - 4(2i - 1)2 + 1] - 3>2ay

V = 10 - 5

pP0
 a

50

i = 1
[10 - 4(2i - 1)2 + y2] - 1>2Q>30pP0

1

325
 (5ax + 2ay + 4az)

yzax + zxay + xyaz

xax + yay + zaz2x2 + y2 + z2
;

[JS]z = 0 =
2E0

h
 cos vt ax

E = 2E0 sin vt sin bz ax, H =
2E0

h
 cos vt cos bz ay

Er = - E0 cos (vt + bz) ax, Hr =
E0

h
 cos (vt + bz) ay

4>9E0

120p
 sin 3p * 109t az on both sheets

E0

120p
 cos 10px sin 3p * 109t ay;

4|D0|
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438 Answers to Odd-Numbered Problems

6.21. (b) equivalent circuit consists of an inductor L in

parallel with a resistor 3R where 
6.23. (a) (b)

(c)
6.29. exact values are and

respectively

6.31.

CHAPTER 7

7.1. (a)
(b)

7.3.

7.5. (a) 0.60286 m; (b) 1.35286 m
7.7. (a) (b) 8.09 V, 0.1176 A
7.9. (a) (b)

7.11. (a) (b) (c)

7.13.
7.17.
7.19.
7.21. (a)

(b) 0 otherwise;

(c)

(d)

7.23. (a) 60 V, 1 A; (b) 67.5 V, 0.9 A; (c)
7.25.

0 0.1 0.4

40

[V ]z = 30 m’ V

t, ms

(c)

z, m
!80 !20

30 120

[I ] t = 0.4 m s’ A
2_
3

1
3!

(b)

40

0 60

20

!40

[V ] t = 0.2 m s’ V

z, m

(a)

0
0.2 0.5

[I ]z = !40 m’ A

1
3!

t, ms

(d)

- 7.5 V, 0.1 A

0 for 0 6 t 6 0.2 ms, - 1
3

 A for t 7 0.2 ms

0 for 0 6 t 6 0.1 ms, 40 V for t 7 0.1 ms;

2
3

 A for 0 6 z 6 120 m, - 1
3

 A for - 80 m 6 z 6 0,

40 V for - 40 6 z 6 60 m, 0 otherwise;
0.14l, 0.192l
- 0.00533 S, 1.667
150 Æ

3
8

Pi
9
16

Pi;
1
16

Pi;

106 m, 2 * 10 - 6, j0.00079 Æ; 1m, 2, 0; 8m, 0.25, q108 m/s;
50 Æ;

V
– (z) = 2A

–  cos bz, I-(z) = - j 
2A

–

Z0
 sin bz; Z– in = - jZ0 cot bl

(52.73 + j0) Æ
l = 0.278 * 10 - 6 H/m, g = 4.524 * 10 - 16 S/m;

1
9

 m, 9P, 9s

2.3855s,
0.4192m, 2.3855P,l = 0.429m, c = 2.333P, g = 2.333s;

0.5p  cos2 (2p * 106t - 0.02p z) W
0.25 cos (2p * 106t - 0.02p z) A;2p  cos (2p * 106t - 0.02p z) V;

L = mdl>w  and R = d>slw

Z
–

in =
jvmdl

w
a 1 -

jvmsl2

3
b ;
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Answers to Odd-Numbered Problems 439

7.27.

7.29. 1.46 V
7.31. (a) 40 V for A for A for 

(b)

(c) Voltage across for 10 V for 
0 otherwise; voltage across for 0 otherwise;

(d)

7.33.

7.35. (a) ; (b)

CHAPTER 8

8.1.

8.3.

8.5. (a) Yes; (b)
1

24p
(13ay - az) cos [6p * 107t - 0.1p (y + 13z)]

1
212

ax + 13
2

ay + 1
212

az

0.05p (13ax + ay)

48.4 Æ38.4 Æ

1.5

0
2l

!0.8 !0.4

0.5

yp

t
4l
yp

6l
yp

10

0
l

!7
!4.4

5.4 3.6

yp

t
3l
yp

7l
yp

5l
yp

[V]z " 0, V [V]z " l, V

130
3

* 10 - 6 J

0 6 t 6 1 ms,120 Æ = 40 V
1 6 t 6 3 ms,0 6 t 6 1 ms,60 Æ = 40 V

130
3

* 10- 6 J;

0 6 z 6 l;- l 6 z 6 0, 
1
3

- l 6 z 6 l; - 2
3

30 30

0 1 2 3 4

[V ]z " l,V

3
10

60

30 30

!30

V, V

z
l

3
!20

2
l

t " 2 2
1 ms

t, ms

1.5

0.5

1.5

1

0

I, A

z
l

2
l

9
2

3
1

t " 2 2
1 ms

(a)

(c)

(b)
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8.7. (a) (b)

8.9. 1 cm
8.11. 3600 MHz, 5400 MHz

8.13.

8.15.
8.17. (a) (b) (c)
8.19.
8.21. 6.5 cm, 3.5 cm
8.23.

8.25. (a) (b)
8.27.

8.29.
8.31.

CHAPTER 9

9.1.
9.5.
9.7. (a) (b)
9.9. 1.111 W

9.11.

9.13.

9.15. 0.60943
9.17. 1.015 W

9.19. (a)

(b)

9.21.

9.23.

9.25.

9.27. where is the angle from the vertical,

9.29. 4
9.31. 0.00587 V
9.33. 13.262 A

D = 3.284uccos a p
2

 cos ub d nsin u,

` cos c cos a p
4

 cos c - p
4
b `cos2 a p

2
 cos cb

- p
4

, cos a p
4

 cos c - p
8
bRrad = 20p 2(L>l)2, D = 1.5

Eu = -
hbLI0 sin u

8p r
 sin (vt - br), Hf =

Eu
h

;

1
7
8

2(D2Rrad2)>(D1Rrad1)

Rrad = 0.0351 Æ, 8Prad9 = 1.7546 W1.257 * 10 - 3 V/m;
0.2l
0.2p  cos 2p * 107t A

13
75.52°
Et = 0.8284E0ay cos [6p * 108t - 22p (22x + z)]
Er = - 0.1716E0ay cos [6p * 108t + 22p (x - z)]

48.6°41.81°;
(TE2,0,1, TE0,2,1, TE1,0,2, TE0,1,2)

5590.2 MHz4330.1 MHz (TE1,1,1, TM1,1,1),3535.5 MHz (TE1,0,1, TE0,1,1),

TE1,0, TE0,1, TE2,0, TE1,1, and TM1,1

2.1211kv0, 2.8281kv021kv0, 21kv0;2.1211kv0, 1.4141kv0;
0.5769 * 108 m/s

TE1,0 mode; 10 sin 20px sin a 1010p t - 80p
3

zb  ay

813 m, 24 m
1
2

(ax + 13az);
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CHAPTER 10

10.3. (a)
10.5.
10.7. 143.24
10.9. 121.71 db

10.11. (a) otherwise

(b) 

(c)

10.13. (a)
(b) for 
(c) for 

10.15.
10.19. (a) (b)

APPENDIX A

A.1.
A.3. Equal

A.5.

A.7.

APPENDIX B

B.1. (a) (b) (c) 0 except at 

B.3.

B.5. (a) (b) cos u ar - sin u au- 1
r2 (sin u ar - cos u au);

1
r

 
0
0r

 a r 
0£
0r
b + 1

r2 
02£
0f2 + 02£

0z2

r = 0, 00, 0 except at r = 0;- sin f az, cos f;

13ar + 6az

- 112
, 

112
 az

- 3ax + 13ay + az

Rrad = 0.6077 * 10 - 3 Æ, 8Prad9 = 0.0304 W0.1654 * 10 - 3 V/m;
≠ = - 0.3252, t = 0.6748

0.9l 6 z 6 lKbV0(10 - 10.2z>l)KbV0 for 0 6 z 6 0.9l,
0.9l 6 z 6 l;KbV0 for 0 6 z 6 0.9l, 10KbV0(1 - z>l)- 0.2KbV0(z>l) for 0.9l 6 z 6 l;

t

V2 (0, t)!

0.1T
0

KbV0

KbV0

!KbV0

!KbV0

0.4T 0.5T 2T

2.1T 2.4T

2.5TT

t

V2 (0.8l, t)!

0
1.2T

1.3T 1.6T 1.7T

0.8T

0.9T

T

10lKfV0>T for T 6 t 6 1.1T, - 10lKfV0>T for 1.4T 6 t 6 1.5T, 0

101.31°
5 * 108 m/s; (b) 50 m; (c) 1000

Z05_RAO3333_1_SE_ANS.QXD  4/9/08  12:20 PM  Page 441




